Introduction
Some answers to the question 'Why use inodilators in patients with advanced heart failure (AHF)?' can be found in Table 1 of this essay, which summarizes the European Society of Cardiology criteria for a diagnosis of 'advanced heart failure'. 1 The salient point in the context of the question 'Why use inodilators?' is shown in the bottom row of the table: these are patients for whom even the full repertoire of established medical therapies is no longer sufficient to avoid severe symptoms and impairment of exercise capacity, often with frequent and repeated hospitalizations. The two periods of highest risk for readmission are immediately following discharge and just before death, with risk being very much higher in the second of these periods. [2] [3] [4] The second of these peaks in risk, which coincides with, and signifies, a patient's progression into AHF, has been described, pertinently, as the 'phase of palliation and priorities'. 3 Many patients and their families are drawn into the recurring crises of readmissions in ways that preclude calm consideration of the implications or alternatives. Early introduction of palliative care measures in oncology has been shown to improve quality of life for patients and their families without shortening survival 5 and might reasonably be expected to provide similar benefits in patients with AHF, a condition that resembles late-stage cancer in terms of its symptom burden and prognosis. In this context, a recourse to inodilator therapy to provide symptomatic relief, preserve functional capacity and maintain quality of life can help to create time and opportunity for patients and their relatives to establish realistic priorities of care.
Hence, the first justification for intermittent inodilator therapy in patients with AHF is the most fundamental of all those encountered in medicine: to provide the best possible humane care for a patient in extremis and, by doing so, to enable them and their relatives to make the best arrangements they can for the end of life.
A secondary consideration is the management of costs associated with HF-related readmissions. Recent data from the Health Department of Catalonia indicate that during 2013, a total of e536.2 million was spent on the care of 88 195 HF patients, of which substantially the largest single locus of expense was hospitalizations; two-thirds of the total recorded expenditure was assigned to use of hospital facilities (including renal services) or to outpatient services. 6 (It should be noted that the proportion of costs accruing to hospital services may be even larger in AHF, where unplanned or urgent admissions are frequent.)
What options are there?
These positive possibilities notwithstanding, it is essential to register that in the wider context of AHF management, intermittent or episodic inodilator therapy is not the first or preferred option. Rather, as illustrated in Figure 1 , it may be seen as the medical option of first (or last) resort in AHF patients with low cardiac output and hypotension who are not candidates for heart transplantation or the installation of a left ventricular assist device (LVAD). The significance and value of intermittent inodilator therapy rest Table 1 European Society of Cardiology criteria for a diagnosis of 'advanced heart failure' NYHA functional class III or IV Episodes of fluid retention and/or reduced cardiac output Severe cardiac dysfunction (at least one of): LVEF <30%, pseudonormal or restrictive mitral inflow pattern, high ventricular filling pressures or high BNP/NTproBNP Severe impairment of functional capacity: inability to exercise, 6-min walk distance <300 m or peak oxygen uptake 12-14 ml/kg/min At least one hospitalization in the past 6 months Despite optimal medical therapy Reproduced with permission from Metra et al. 1 NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; BNP, brain natriuretic peptide; NTproBNP, N-terminal pro-brain natriuretic peptide. Figure 1 How intermittent therapy with levosimendan fits into a larger strategy of treatment for patients with advanced heart failure. HTx, heart transplant; LVAD, left ventricular assist device; UF, ultrafiltration.
Repetitive-dose levosimendan for advanced heart failure C9 on the fact that, for a variety of reasons, those other interventions are not available (or suitable) in every instance. For properly selected patients, heart transplantation is the definitive, curative intervention for HF and is now associated with very good 1-and 5-year survival rates. [7] [8] [9] Unfortunately the number of candidate recipients usually exceeds the number of donors: data from the 8-country Eurotransplant initiative indicate that, between 2007 and 2015, the total number of heart transplants in participating countries varied from 580 to 604 (all but one from cadaveric donors); during the same period, the number of patients waiting for a transplant consistently exceeded 1000. The subsequent decline to 1170 patients in 2015 was almost exclusively the result of a shorter waiting list in Germany. 10 It is beyond the scope of this essay to explore whether that reduction was due to reforms in a German transplant prioritization scheme described in 2012 as being 'on a straight line to a default' 11 but the persisting disparity between the number of potential recipients and the number of hearts available to be transplanted is indisputable; the population of candidates for transplant grows more rapidly than the donor pool. 7 Some of the consequences of time spent on the transplant waiting list, misallocation of resources and 'gaming' the prioritization schemes adopted in different countries have been described elsewhere and are not considered further in this essay. [11] [12] [13] One positive aspect of the demand-supply mismatch for heart transplantation is that waiting list mortality rates appear to be stable. 14 The reasons for this are likely to be many and various, and mostly outside the remit of this essay, but it may be conjectured that increased availability of LVADs may have contributed to the ability to maintain potential transplant recipients in a stable condition and with acceptable quality of life for extended periods of time. 15 Use of these devices has undoubtedly expanded in the past decade 7 , aided by technical innovations and improvements such as conversion from external to internal placement of the device and from pneumatic to electrical power, and the transition from pulsatile to continuous-flow devices. Present-day LVADs are much smaller in size and weight, and quieter in operation than their predecessors and these characteristics improve patient satisfaction and extend the range of patients who may be candidates for these devices.
Survival rates with the latest continuous-flow devices are 70% at 2 years 16 and 50% at 4 years, comparing reasonably well with heart transplantation and raising the possibility of LVADs as a permanent alternative to transplantation for some categories of patients who are not candidates for a transplant or for individuals who, for whatever reason, never reach the top of the transplant list. Examples in the first of these categories might include very elderly or obese patients, or those with diabetes, HIV-positive status, pulmonary hypertension or a history of recent malignancy. [17] [18] [19] [20] [21] [22] [23] It should be noted, however, that in none of these situations should LVAD installation be regarded as a panacea. 21, 24 There are, in addition, acknowledged contraindications to LVADs, just as for every other medical resource ( Table 2) .
Does intermittent inodilator therapy work?
At this juncture it is necessary to address a question that does not feature in the title of this essay: what evidence is there to support intermittent inodilator use in AHF? The answer, framed specifically for levosimendan, is that there is a growing database of evidence for a survival benefit from intermittent therapy and one that is certainly sufficient to make the case for a properly scaled randomized trial with mortality and quality of life metrics as endpoints.
A series of meta-analyses on this subject have all produced strong indications of a survival benefit vs. placebo; not only have all these exercises produced similar estimates of the odds ratio in favour of levosimendan (0.5) but, within each meta-analysis, there has been strong consistency in the trends for effect from each contributing study. [25] [26] [27] These data are in marked contrast to experience with dobutamine, which has been associated with worse survival in AHF, notwithstanding that it improves New York Heart Association (NYHA) functional status. 28, 29 Whether this difference relates in any way to differences in the haemodynamic responses to levosimendan and dobutamine in HF patients remains an open question, but the lack of an (adverse) haemodynamic interaction between levosimendan and beta-blockers is a recorded fact 30 and is relevant in an era when use of beta-blockers in HF is widespread.
Effects on quality of life that are not directly attributable to inotropy are also relevant. In the Randomized EValuation of Intravenous Levosimendan Efficacy (REVIVE)-II trial 31 , patients' self-reporting of dyspnoea exhibited a clear and sustained trend for benefit from levosimendan across the entire period of observation (P ¼ 0.018 vs. placebo), despite both study groups receiving optimal conventional therapy throughout the trial. Levosimendan has also been shown to exert some positive effects on renal function. 32, 33 Additional data relating to effects of intermittent levosimendan on quality of life in AHF are now emerging from the 
Intermittent Intravenous Levosimendan in Ambulatory
Advanced Chronic Heart Failure Patients (LION-HEART) study (NCT01536132), the protocol for which is shown in Figure 2 . The purpose of this multicentre, double-blind, placebocontrolled, randomized trial was to evaluate the efficacy and safety of intravenous administration of intermittent doses of levosimendan in ambulatory patients with advanced congestive HF. The primary endpoint of LION-HEART was change in natriuretic peptide levels between baseline and 3 months; secondary endpoints included 12-month hospitalization and 12-month mortality.
Very highly significant (P < 0.001) reductions in N-terminal pro-brain natriuretic peptide (NTproBNP) were documented in the patients randomized to levosimendan; these were accompanied by profound reductions in the risk of HFrelated hospitalization (12-month cumulative hospitalization rate 20% vs. 65% in the placebo group; P < 0.001) and in the composite endpoint of all-cause mortality or HFrelated hospitalization (12-month cumulative hospitalization rate 25% vs. 65% in the placebo group; P < 0.001).
The percentage of patients requiring cessation of therapy was higher with levosimendan than with placebo (15% vs. 9.5%; P > 0.7) but this was offset by a very large reduction in the percentage of patients registering a clinically significant decline in quality of life at 6 months (20% vs. 63%; P ¼ 0.022). Levosimendan-treated patients were significantly more likely to record an improvement of at least one NYHA functional class after 6 months of therapy than placebo-treated peers (odds ratio 4.3, 95% confidence interval 1.1-18.3; P ¼ 0.042).
It must be highlighted, however, that LION-HEART was not powered for mortality, and the fact that levosimendan significantly reduced NT-proBNP level is per se not sufficient for providing a strong recommendation for its use. In the past, in the SURVIVE trial on acute heart failure patients, 34 a significant short-term reduction of BNP was not correlated to a significant long-term reduction of mortality. Even so, the trend identified in the LION-HEART trial seems to indicate some value from repetitive doses of levosimendan.
This trend complements the experience in the LevoRep study. The principal findings of that study have been published. 35 Addition of levosimendan (0.2 mg/kg/min for 6 h at 2-week intervals over 6 weeks) to standard therapy was associated with non-significant trends in the 6-min walk test and the Kansas City Cardiomyopathy Questionnaire score over 24 weeks of follow-up, but with significant effects on secondary endpoints such as survival.
There is therefore a strong rationale for a properly powered study to be conducted.
How to deliver intermittent inodilator therapy
The 'how?' of intermittent levosimendan therapy in AHF starts with the identification of possible candidate patients and the goals of therapy.
Patients are characterized by AHF, defined for this purpose as:
• left ventricular ejection fraction (LVEF) <35%
• NYHA class IV or IIIb, or NYHA class IIIa with frequent decompensation • mean systolic blood pressure (BP) >90 mmHg (or 80-90 mmHg, if the patient has previously tolerated levosimendan).
The objective of therapy, which should be clearly explained to the patient, is to prevent disease progression, reduce hospitalizations and improve quality of life. Reference to improved survival may not be appropriate, depending on the patient's mood and outlook, and the decision to mention any effect on survival should be taken on a case-by-case basis.
Patients should be admitted as day cases. Blood tests should be performed prior to commencement of infusion. Patients should not be treated if at this stage there are signs of:
• severe hypotension (BP < 90 or < 80 mmHg if previous infusion well tolerated) or tachycardia • severe renal or hepatic impairment • hypokalaemia • significant mechanical obstructions affecting ventricular filling or outflow.
A history of torsades de pointes is also a contraindication.
Weight-specific infusion rates for levosimendan are summarized in Table 3 . An initial bolus dose should not be used. As patient characteristics and needs vary considerably, as does their response to treatment, we recommend a flexible dosing schedule of 0.05 to 0.2 lg/kg/min, for 6 to 24 h, every 2 to 4 weeks. The first-time infusion should be initiated at a rate of 0.1 mg/kg/min. If that dose is well tolerated during the first 1-2 h it may be increased to 0.2 mg/kg/ min; if the initial dose is not well tolerated (as evidenced by hypotension) it should be halved to 0.05 mg/kg/min and re-evaluated. If that lower dose is also not tolerated, treatment should be stopped.
Some real-world experience
Levosimendan became available in Kiel (Germany) in 2002, initially as an off-label therapy restricted to use in the intensive care unit (ICU). Use was extended to the intermediate medical care unit (IMC) in 2014. It should be noted at the outset that the assignment of any given patient to 6  12  24  60  7  14  29  70  8  17  34  80  10  19  38  90  11  22  43  100  12  24  48  110  13  26  53 Repetitive-dose levosimendan for advanced heart failure C11
either the ICU or the IMC is partly determined by structural rather than medical considerations: facilities such as mechanical or non-invasive ventilation, extracorporeal membrane oxygenation and haemofiltration are available only in the ICU and so any patient in need of those interventions is directed to the ICU even if they might otherwise be candidates for treatment in the IMC. Figure 3 summarizes a preliminary inspection of data on levosimendan usage between 2009 and 2015 in both the ICU and IMCU. In total, 453 patients were treated with levosimendan, most of whom (n ¼ 354) received repeated dosing. The longest sequence of repeat dosing was 105 cycles in a patient who was eventually successfully transplanted for a failing Fontan heart.
Among the 171 patients treated in the IMCU, 15 were recompensated and discharged, eight were stabilized prior to valve or bypass surgery and 148 were stabilized as a prelude to heart transplantation or installation of an LVAD.
The critical first stage of inodilator/inotrope therapy in Kiel is clinical assessment. This should always be undertaken by an experienced HF consultant and should aim, so far as the urgencies of the situation allow, to take a broad view of the patient's circumstances: clinical status should be ascertained, with special attention paid to any indications of frailty. 36 Medical history should also be examined, including comorbidities, medications and, in particular, the time course of the presenting decompensation: rapid decline over a few weeks may signify a loss of control that has its origins in lapses from patient self-care and good outpatient follow-up and may respond to the performance of those activities with renewed vigour, whereas a crisis in a patient who has been following a downward trajectory for an extended period of time may signify a new and adverse phase of late-stage HF. Echocardiography at this stage should emphasize the right ventricle and the possibility of pulmonary hypertension. Electrocardiography, determination of BP and oxygen saturation, and a blood-gas analysis are also required, along with the standard chest X-ray and a blood assay for electrolytes, kidney function, liver congestion, infection and natriuretic peptides (NTproBNP in Kiel). Tests additional to this core set are commissioned as required by individual cases.
Medical factors that might then lead a patient to be referred for treatment in the ICU include the presence of acute coronary syndrome, supraventricular tachycardia (heart rate >10 beats/min), low systemic BP or evidence of low tissue perfusion. Levosimendan might then be used as part of an inopressor regimen that may also include milrinone and intravenous adrenaline or noradrenaline.
In the centres where levosimendan is the first-choice agent for inotropic support, a common operating practice is to deliver a single ampoule of 12.5 mg per 24 h: this approach does not have the exactitude of the schedule proposed in Table 3 but is a robust and practical method that simplifies dose calculations and, given the weights and body mass index values of patients encountered in northern Germany, generally delivers a low initial dose, one in the region of 0.1 mg/kg/min.
With therapy initiated, close clinical observation is paramount. The standard schedule at Kiel specifies nurse observations at 30-min intervals, physician visits every 3 h and daily (usually evening) discussions with an experienced HF consultant. The patient is maintained in an upright ('pilot seat') position in bed, and heart rate and BP are monitored continuously.
Patients not responding to this intervention, or who require higher doses of levosimendan or other vasoactive agents, are transferred to the ICU.
Where the response to levosimendan is satisfactory, heavy patients (>110 kg) in whom BP remains >120/70 mmHg may have their dosage increased to 12.5 mg/12 h: this approximates to 0.15 mg/kg/min, and further evaluations are performed at 3-h intervals.
Hypotension (BP <85/55 mmHg plus increased heart rate) or dizziness or headache are indicators for a dose reduction to 0.025-0.05 mg/kg/min. Here also, responses should be re-evaluated every 3 h.
Practice in Kiel is to maintain beta-blockers at the dose in use at presentation, drawing on observations in the Survival of Patients With Acute Heart Failure in Need of Intravenous Inotropic Support (SURVIVE) trial that showed no attenuation of levosimendan effect by beta-blockade. 37 Antihypertensive therapies are adjusted according to BP or afterload status (suspend dosing if afterload low, increase dosing if afterload high). Diuretics are paused if there is evidence of volume depletion but, in patients with indications of fluid overload, there is no prohibition against using levosimendan with increased oral doses of diuretic or intravenous treatment where required. (These adjustments are part of a wider scheme of fluid status adjustment based on clinical monitoring tailored to the circumstances of individual patients.)
The tolerability profile of levosimendan in this context has been highly satisfactory. Between 2013 and 2015, 171 patients were treated with levosimendan in the IMCU, with 166 receiving repetitive doses. No serious adverse events were recorded in these patients; there were also no episodes of ventricular tachycardia and the only withdrawal of therapy (following development of hypotension) was effected by the attending resident without reference to senior colleagues. There were five episodes of mild hypotension (BP 80/55 mmHg) and one case of headache, none of which led to withdrawal of levosimendan. Examination of data from 111 patients treated with levosimendan in 2015 in either the IMCU or the ICU at Kiel identified no serious adverse events and three cases of mild-to-moderate hypotension (defined as above), none of which resulted in withdrawal of levosimendan.
Other real-world experiences have been reported previously in detail by several authors, e.g. in Sweden 38 , Australia 39 , and Greece. 40 In addition, a Swedish registry collected data on planned repetitive use of levosimendan for heart failure in cardiology and internal medicine in Sweden, where this therapy is the overwhelming inotrope of choice. 41 An Italian registry (RELEVANT) is currently collecting data from 130 patients treated with levosimendan in the past 2 years.
Conclusions
Intermittent inodilator therapy may be used as a medical option for AHF patients with low cardiac output and hypotension who are not candidates for heart transplantation or the installation of a LVAD. It may be a good therapeutic option for patients on transplant waiting lists in order to avert readmissions.
Data supporting the use of inodilators in this way are suggestive rather than conclusive but warrant further investigation of this strategy in eligible patients. Importantly, meta-analyses indicate that, in contrast to conventional (mostly adrenergic) inotropes, use of the inodilator levosimendan is not associated with worse longer-term survival. In addition, levosimendan may be used in conjunction with beta-blockers, which are widely used in HF.
Practical guidance is available for the safe implementation of intermittent levosimendan therapy and real-world experience indicates that this option is feasible and generally well tolerated.
